The hormones secreted by the major endocrine glands are now known to exert an important influenceon gastric secretion in both man and animals. Scant attention, however, has been given to the possible effect of the thyroid hormones in this respect, although it has recently been shown that the mean acid output following maximal histamine stimulation is much lower in patients with confirmed hyperthyroidism than in normal subjects (Williams and Blair, 1964 ).
The first observations on the effect of thyroid hormone on gastric secretion were those of Hardt (1916) who fed 10 g. of desiccated thyroid daily to two Pavlov-pouch dogs and found a reduction in the acidity and rate of secretion of gastric juice. Subsequent workers confirmed these observations (Thomsen, 1925; Truesdell, 1926; Chang and Sloan, 1927) and whole thyroid was also found to diminish secretion of gastric juice in rabbits (Green and Kunde, 1930) and in rats (Goldsmith and Nasset, 1959) .
More detailed studies of the effects of thyroid hormones on gastric secretion were performed by Nasset, Logan, Kelley, and Thomas (1959) and their observations suggested that the inhibitory effect of whole thyroid might be mediated through the vagus. This inhibitory effect appeared to be quite independent of the calorigenic action of thyroid hormone, as the changes in acid secretion did not correlate with alterations in the B.M.R. and merely raising the B.M.R. by the administration of dinitrophenol was without effect on gastric secretion (Nasset and Goldsmith, 1961) . They also found that the crystalline thyroid hormones, including L-thyroxine, produced less striking depression of acid secretion, an observation they confirmed by studies on rats 'Present address: Department ofBiometry, Medical College of Virginia, Richmond, Virginia, U.S.A. (Goldsmith and Nasset, 1959) , and they suggested that the thyroid gland might produce a nonthyroxine factor which influenced the stomach.
Hypertrophy of the adrenal glands has also been noted to follow thyroid feeding in rats (Goldsmith and Nasset, 1959; Sessions, Rand, Hiestand, Hardy, and Fand, 1961) , and as the concentration of circulating adrenal hormones is known to influence gastric acid secretion (Kyle and Welbourn, 1956) , the possibility of these glands being implicated in the inhibitory effect of thyroid hormone on the stomach was considered.
Although most of the previous reports indicate that the administration of whole thyroid inhibits gastric secretion, erratic results have been obtained from the use of crystalline thyroid compounds such as L-thyroxine. The exact mechanism involved in any possible inhibitory effect on gastric secretion also remains uncertain.
The following studies were therefore planned to investigate the effect of L-thyroxine on the secretory activity of the stomach in the pylorus-ligated rat.
METHODS
White rats of the Sprague-Dawley strain weighing 200 g. or over at the start of each experiment were used. The animals were kept in identical wire cages, in a thermostatically controlled room, care being taken to avoid undue stress from overcrowding. Before each study was commenced, time was allowed for the rats to accustom themselves to their surroundings. Food and water were made easily available and plentiful, a standard laboratory diet being used.
For 24 hours before each experiment, the animals were starved in individual wide-mesh metabolic cages, only water being allowed during this period. This was discontinued at the start of the test, at which time the animals were weighed. This weight was used in all subsequent calculations. 343
Gastric juice was collected by a modification of the pylorus ligation technique described by Shay and his colleagues (Shay, Komarov, Fels, Meranze, Gruenstein, and Siplet, 1945; Shay, Sun, and Gruenstein, 1954) . This is a valid method for collecting gastric secretion in the rat because of its inability to vomit. The stomach, in the fasting rat, also secretes at a constant rate, close to maximal secretion, and so observations can be made over a fixed period of time. The optimum period of collection for this type of experiment is four hours (Shay et al., 1954) and was used throughout.
Under light ether anaesthesia the abdomen was opened through a midline epigastric incision, and the pylorus exposed without handling the stomach. A fine thread was then tied round the pylorus, care being taken to avoid inclusion of adjacent blood vessels. The wound was then closed and the animal returned to its cage where it quickly regained consciousness. The stomach was not washed out at the time of pylorus ligation as advocated by Shay et al. (1954) as this has been shown to be an unnecessary procedure (Kyle, 1956) .
Four hours later, the animal was again anaesthetized, the abdomen opened, and the stomach removed after clamping the pylorus and the lower end oftheoesophagus, following which the animal was killed without regaining consciousness. By opening the stomach along its greater curvature the contents could be collected in a graduated centrifuge tube, the stomach then being pinned on cork and fixed in formol saline for histological examination. The presence of blood in the gastric juice, or debris in excess of 0-6 ml. following centrifugation, was an indication to discard the specimen.
The volume of gastric juice was measured in millilitres and the concentration of free acid determined by titration with one fiftieth normal sodium hydroxide, using Topfer's reagent as indicator. Free acid output was then calculated as milliequivalents HCI per 100 g. body weight.
In one of the experiments, the pituitary and adrenal glands were removed immediately after death, dried on filter paper and weighed before evaporation could take place.
The pituitary gland was exposed by opening the skull and elevating the frontal lobes. Removal of the thin film of meningeal tissue covering the gland allowed it to be dislodged from its position.
The adrenal glands were approached by extending the abdominal wound laterally below the rib margins on both sides, and on raising the liver, the glands could be picked up and excised. The surrounding fatwascarefully dissected off the gland before weighing. 2The mean of two animals.
The mean acid outputs over the nine-week period are shown in Table I . When assessed over the whole period, these results do not show a significant inhibition of acid output (010 > P > 0-05) but the pattern of secretion suggests the presence of an inhibitory effect during the first seven weeks which is lost in the remaining two weeks.
No macroscopic lesions of the gastric mucosa were observed, andhistological examination oflongitudinal sections of full stomach thickness, taken parallel and adjacent to the greater curvature, revealed no cellular abnormality in either test or control animals. The ratio of the mucosal thickness to muscle thickness of each stomach in the test group was compared subjectively with similar ratios in the control animals.
No obvious difference was noted whether or not secretion of acid had been inhibited. The weights of the pituitary glands, corrected for body weight, are shown in Table II . Since the mean difference between test and control is less than the standard error in each sex, these differences were clearly not significant. The mean pituitary weights per 100 g. are tabulated separately for each sex. The mean female pituitary gland weights (uncorrected for body weight) are not significantly greater than the means for males so that the apparent sex differences in Table III are largely due to sex differences in mean body weight.
The mean adrenal gland weights, corrected for body weight, are shown in Table III . There is some indication of an increase in mean adrenal weight in the test animals, the test means being greater than the control means in each week except the third. An analysis of variance, however, showed no significant difference among the overall means for different weeks and the difference between adrenal weights in the 27 test animals and the 27 control animals for CONFIRMATORY STUDY To confirm the impression that acid secretion was inhibited during the first seven weeks of L-thyroxine administration and was subsequently lost, two further experiments were performed on a large group of animals. Fifty-eight male rats were used and randomly allocated to test or control groups. the test animals again receiving 40 ,ug. L-thyroxine on alternate days. In the first experiment, animals were sacrificed after exactly 14 days, this being selected to coincide with a period when an inhibition of acid secretion was expected. In the second experiment, sacrifices were carried out after eight weeks at which time no inhibition was anticipated.
The mean acid outputs in these experiments are given in Table IV . At two weeks, the mean acid output in the test animals was half that of the controls, this difference being highly significant (P < 0 001). At eight weeks, however, no significant difference existed between the control and test animals.
This confirms the previous impression that the repeated administration of L-thyroxine (40 ug. on alternate days) inhibits gastric secretion in the pylorus-ligated rat although this inhibitory effect is lost after about seven weeks even although the stimulus is maintained.
Suspecting that this loss of inhibitory effect might have been due to an inadequate dose of L-thyroxine allowing the animals in some way to escape from its influence, a further study was planned to observe the effects of repeated administration of larger doses.
STUDY 2: THE EFFECT OF REPEATED LARGE DOSES OF L-THYROXINE ON GASTRIC SECRETION (SACRIFICE WEEKLY)
PILOT STUDY In this experiment, one control and two test groups were studied simultaneously, a total of 36 male rats being used. In one test group, the animals were given 80 ,tg. L-thyroxine on alternate days, the other group receiving 160 ug. Lthyroxine on alternate days. Groups of animals were sacrificed at intervals ranging from one to four weeks, the experiment being terminated at this point because the thyroxine-treated animals became less able to withstand the anaesthetic and operative procedure.
The results are shown in Figure 1 . Apart from a possible slight inhibitory effect at the end of the first week, the mean acid outputs in the test animals were not lowered in comparison with the controls.
Because of this possible inhibitory effect in the first week, a further experiment was planned to Duration observe more closely any changes in gastric secretion during this period. Difference + S.E.
-0-129 ± 0-038 +0 009 i 0-037 I group.bmj.com on October 15, 2017 -Published by http://gut.bmj.com/ Downloaded from From the mean acid outputs shown in Table V it can be seen that a significant inhibition of acid secretion was found in the test animals after four days (0 01 > P > 0-001) but that this effect was lost at 14 days.
DISCUSSION
It would appear from the literature that the administration of desiccated thyroid to animals consistently reduces acid secretion from the stomach, but the crystalline thyroid compounds, such as L-thyroxine, have been erratic in their effects. In the present experiments, however, 40 ,ug. L-thyroxine administered on alternate days to pylorus-ligated rats had a definite inhibitory effect on acid secretion. This inhibitory effect was not maintained, however, the output of acid returning to normal after approximately seven weeks, despite continued thyroxine administration. Larger doses (160 ,ug. alternate days) also showed an inhibitory effect, but paradoxically, this was even more transient, acid secretion returning to normal levels after only a few days. This variation in response with the dose level and time may explain some of the discrepancies in the previous literature.
The normal rate of thyroid hormone production in the rat, expressed as L-thyroxine, has been estimated at between 2-0 and 2 5 ,ug./100 g. body weight/day (Reineke and Singh, 1955; Plamondon, Selenkow, Wiswell, and Asper, 1958) , giving a daily thyroid hormone production of about 4 0 to 7 5 pg.
L-thyroxine for rats weighing 200-300 g. such as were used in the present experiments. The initial dose of L-thyroxine used was 40 pg. subcutaneously on alternate days, being chosen as a dose likely to produce significant metabolic effects. It is of interest, therefore, that Derblom, Johansson, and Nylander (1963) have recently noted that L-thyroxine given subcutaneously in a daily dose of 5 ,ug./100 g. body weight, which is about half the smallest dose used in the present study, produced no significant changes in gastric secretion or acidity in pylorus-ligated rats over a period of 30 days.
It was previously noted in experiments using desiccated thyroid that the depression of acid secretion was unaccompanied by any histological changes in the gastric mucosa (Thomsen, 1925; Sessions et al., 1961) and this was confirmed in this study. The pattern of secretory response was also more suggestive of a functional effect, the stomach being affected either directly or indirectly.
With regard to the latter, acid secretion in the pylorus-ligated rat is largely maintained by the influence of the vagal pathways and the adrenal glands (Jones and Harkins, 1958) and the effect of L-thyroxine on gastric secretion might be mediated through these influences.
Depression of vagal activity was thought to be involved in the inhibition of acid secretion which followed thyroid feeding in dogs but the pattern of response found in the present experiments with different doses of L-thyroxine make this unlikely.
Enlargement of the adrenal glands has been noted after thyroid feeding in rats (Goldsmith and Nasset, 1959; Sessions et al., 1961) and was also found with L-thyroxine in our first experiment. Because of the small number of animals studied, the results did not achieve significance but we have subsequently confirmed this response in a larger study. The adrenal enlargement was noted by Sessions and his colleagues (Sessions et al., 1961) to involve both the cortex and the medulla, and they thought that increased epinephrine (adrenaline) production might have accounted for the reduced gastric secretion found in their experiments. There is no evidence, however, that this hormone can directly influence gastric secretion and adrenal medullectomy is certainly without effect on gastric secretion in rats (Tuerkischer and Wertheimer, 1945) . The concentration of circulating adrenal cortical hormones, on the other hand, is known to have a marked influence on gastric secretion. Thus, marked inhibition of acid secretion follows adrenalectomy in rats (Tuerkischer and Wertheimer, 1945; Madden and Ramsberg, 1951; Kyle and Welbourn, 1956; Jones and Harkins, 1958) , while secretion is increased by cortisone administration (Kyle and Welbourn, 1956) .
Although one tends to relate increase in adrenal cortical size with hypertrophy and increased activity, the enlargement may be due rather to an increase in lipid content which has been associated with relative inactivity of glandular function (Dosne and Dalton, 1941) . Lipid accumulation has been noted in experimental hyperthyroidism in rats (Deane and Greep, 1947) and we have confirmed this in preliminary studies. If these observations, suggesting a paradoxical association of reduced adrenal function despire glandular enlargement, are confirmed, the adrenal cortex could play a major role in lowering acid secretion in the thyroxinetreated animals.
It is apparent, however, that more work is required to investigate the mechanisms involved in changes in acid secretion which follow the administration of L-thyroxine and also to ascertain the reason why the inhibitory effect is not maintained.
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